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METHOD OF APPLYING AXIAL FORCE 
BETWEEN TWO OBJECTS 



Backgrou nd to the Invention 

This invention relates to a method of applying an axial 
force between two objects, to an assembly of objects 
between which force has been applied, and to a radially 
heat-recoverable hollow sleeve for applying such a 
force. 

An axial force may be applied between two objects in 
order to make a mechanical connection or to form a 
fluid-tight seal between them or between one or both of 
the objects and another object. For example, it is 
known to connect objects together mechanically- by means 
of a screw clamp which engages a protruding rib- which 
extends around each of the objects towards the end 
thereof. The clamp has a wrap-around configuration and 
install *a by rotation of one or more screw-fasteners 
which causes the diameter of the clamp to decrease 
The surfaces of the clamp and the ribs are so con-' 
figured that when the diameter of the clamp decreases, 
an axial force is imparted to the objects which causes 
one of the objects to be forced against the other 
object. However, the wrap-around configuration of the 
clamp, which is required in order to be able to reduce 
the diameter of the clamp, prevents the formation of 
seals directly between the clamp and the objects. The 
formation of seals requires the use of additional com- 
ponents of a deformable material such as elastomeric 0- 
rxngs. Furthermore, the clamp is undesirably bulky in 
the overlap region. 
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An additional concern is that a considerable amount of 
space can be required in order to rotate the screw 
fasteners to cause the diameter of the clamp to 
decrease. 



Summary of the invanfclnn 

We have devised a technique for applying an axial force 
between two objects sing a radially heat-recoverable 
hollow sleeve, which is so configured that when the 
sleeve recovers radially, an axial force is applied 
between the objects. 

A dimensionally heat-recoverable article is one whose 
dimensional configuration can be made to change signi- 
ficantly when subjected to heat. Usually such articles 
recover towards an original shape from which they have 
previously been deformed' but they may. simply adopt a 
new configuration without previously having been 
deformed. 

In one aspect, therefore, the invention provides a 
method of applying an axial force between two objects 
positioned coaxially with respect to one another, each 
having an axially facing surface through which the 
force can be applied, the method comprising: 

(a) positioning a radially heat-recoverable hollow 
sleeve so that- the objects are in the direction of 
its recovery, the sleeve having two axially facing 
surfaces for coacting with respective axially 
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facing surfaces on the objects, at least one of the 
surfaces of each pair of coacting surfaces being 
inclined to the axis; and 

(b) causing the sleeve to recover radially. 

in another aspect, the invention provides a radially 

fo e r a e : r rr rable hoiiow sieeve for « «ui 

force between two objects positioned coaxially with 
respect to one another so as to force the objects 
towards one another, the sleeve having two axially 
spaced apart axially facing surfaces formed in its wall 
between and in contact with which the objects can be 
received, the surfaces being inclined to the axis of 
the sleeve so that an axial force is applied to the 
objects when the sleeve recovers radially. 

Description of thA Invention 

The use of a radially heat-recoverable sleeve in the 
technique of the present invention confers significant 
advantages. i„ particular, it makes it possible to 
create a seal directly between the sleeve and the 
objects without any need to use additional components 
such as elastomeric O-rings. This has the advantage 
that the quality of the seal between the objects is not 
controlled by the properties of such additional com- 
ponents, which can degrade over time as a result of the 
Physical or chemical treatment to which the components 
are subjected. 
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Furthermore, elastic forces in the sleeve arising from 
unresolved recovery allow a seal between the objects 
through the sleeve to withstand a range of tem- 
peratures, even when the coefficients of thermal expan- 
sion of the objects and the sleeve differ. Such forces 
can be available over a wide range of dimensions by 
appropriate selection of sleeve'-and operating tem- 
perature, in addition, such forces can ensure that the 
seal can accomadate stresses imparted to the sleeve 
through the objects once it has been installed, for 
example as when the objects are subjected to bending, 
torsion and axial forces. Yet further, the unresolved 
recovery forces and the absence of threaded fasteners 
reduce the risk of weakening of the mechanical connec- 
tion or the seal or both between the objects as a 
result of impulsive forces or vibration. 

An additional advantage of the use of a heat- 
recoverable sleeve is that the space required to 
install it can be significantly less than that required 
to rotate the screw fasteners of previously used 
clamps. Moreover, the time and skill required to 
install a heat-recoverable sleeve can be significantly 
less than that required to install a clamp. 

Yet another advantage of the use of a heat-recoverable 
sleeve is that it is able to accommodate a range of 
sizes of objects and furthermore can accommodate the 
tolerances to which the objects are manufactured for 
connection by means of the sleeve. 
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A further advantage of the use of a recoverable sleeve 
is that the connection between the objects can be made 
without permanent deformation of the objects. This 
allows the objects to be reused after the connection 
has been broken by removal of the sleeve, for example 
for repair of the objects or of components contained . 
wxthin the objects when hollow or of components 
attached to the objects. 

The heat-recoverable sleeve may comprise more than one 
component, for example to facilitate manufacturing of 
the sleeve. For example it may comprise a heat- 
recoverable driver member and one or more inserts posi- 
tioned in the direction of its recovery, the inserts 
having the axially facing surfaces for contacting the 
axially facing surfaces on the objects. More par- 
ticularly, the driver may be in the form of a uniform 
band whose uniform surface acts against a uniform sur- 
face of the insert. The insert may, however, just pro- 
vide an appropriate profile for the axially facing 
surface; it may be a ring-like insert having say a 
triangular cross-section. 

The sleeve may be formed from a polymeric material 
which exhibits the property of elastic or plastic 
memory, as described for example in OS-2027962, 
OS-3086462 and US-3597372. The material may contain 
fillers which render it electrically conductive so that 
heat can be generated by passing an electric current 
through the material to cause the sleeve to recover. 
Particularly preferred conductive materials are based 
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on ultra high molecular weight polyethylene as 
disclosed in, for example, EP-A-157640. 

Preferably the sleeve is formed from a shape memory 
alloy. Shape memory alloys exhibit a shape memory 
effect as a result of their ability to transform bet- 
ween martensitic and austenitic phases. The transfor- • 
mation may be caused by a change in temperature: for 
example, a shape memory alloy in the martensitic phase 
will begin to transform to the austenitic phase when 
its temperature increases to a temperature greater than 
Ag, and the transformation will be complete when the 
temperature is greater than A f . The reverse transfor- 
mation will begin when the temperature of the alloy 
decreased to a temperature less than M s and will be 
complete when the temperature is less than M f . The 
temperature Mg> Mf, As and A f define the thermal trans- 
formation hysteresis loop of a shape memory alloy. An 
article may be formed in a desired configuration while 
in its austenitic phase. If it is then cooled so that 
it transforms to the martensitic phase, it can then be 
deformed so as to obtain a strain on recovery of up to 
about 8%. The strain imparted to the article is reco- 
vered when the article is subsequently heated so that 
it transforms back to the austenitic phase. Further 
information is available in the article by L. M. 
Schetky in Scientific American, Volume 241, pages 68 to 
76 (1979) entitled Shape Memory Alloys. 

Shape memory alloys have been used to form couplings 
for objects such as tubes. US-4198081 discloses a 
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radially shrinkable tubular coupling which has circum- 
ferentially extending teeth formed in its internal sur- 
face. Tubes to be coupled are positioned within the 
coupling. The coupling is then heated to cause it to 
shrink radially so that its teeth bite into the exter- 
nal surfaces of the tubes so as to grip the tubes. 
Such couplings apply a force to the tubes only in the 
radial direction and have the disadvantage that the 
coupling does not apply an axial force to the tubes so 
the tubes are not forced towards one another. 

The shape memory alloy from which the sleeve is formed 
will be selected according to the temperatures to which 
the sleeve will be exposed before, during and after 
installation, and to the physical requirements placed 
on the sleeve when in use. The alloy may be based on 
copper, for example as disclosed in OS-4144057 or 
OS-4144104, or more preferably on nickel-titanium, for 
example as disclosed in DS-3753700, US-4337090, 
DS-4565589 or US-4770725. A preferred method of treat- 
ment of a nickel-titanium based shape memory alloy is 
disclosed in US-4740253. The subject matter disclosed 
in these documents is incorporated herein by these 
references to the documents. 

Under certain conditions, and if processed in an 
appropriate manner, certain shape memory alloys exhibit 
pseudoelasticity. Pseudoelasticity allows an article 
to be deformed elastically by as much as 10%. it is 
discussed in a paper presented by T. W. Duerig and G. 
R. Zadno at the International meeting of the Materials 
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Research Society in Tokyo in June 1988. Particularly 
preferred are materials which exhibit "non-linear 
pseudoelasticity" which arises in appropriately treated 
alloys while they are in their austenitic phases at a 
temperature which is greater than Ma which is the maxi- 
mum temperature at which the transformation of the 
alloy to its martensitic phase can be induced by the 
application of stress. An article formed by an alloy 
which exhibits non-linear pseudoelasticity can be 
deformed substantially reversibly by 8% or more. An 
advantage of a sleeve formed from an alloy which exhi- 
bits non-linear pseudoelasticity is that, over a range 
of strain, the stress is relatively constant. This 
peculiar property allows the sleeve to exert. a rela- 
tively constant force on connected objects while accom- 
modating tolerances to which the objects are 
manufactured, and- stresses imparted to the sleeve 
through the objec.ts. 

The sleeve may be radially heat-expandable, so that the 
sleeve will recover outwardly to contact the objects 
positioned externally of the sleeve in the direction of 
its recovery. ;< : ? 

Preferably the sleeve is radially heat-shrinkable, so 
that it recovers inwardly to contact the objects posi- 
tioned within it. 

The nature of the force that is applied to the objects 
can be selected by appropriate arrangement of the 
axially facing surfaces of the objects and the sleeve. 
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The axially facing surfaces of each of the objects 
through which force is applied to that object, may'be 
the surface which faces away from the other object 
This can allow the sleeve to force the objects towards 
one another. 

The axially facing surfaces of "each of the objects, 
through which force is applied to that object, may'be 
the surface which faces towards the other object. This 
can allow the sleeve to force the objects apart. 

The surface of each pair of coacting surfaces which is 
inclined to the axis may be a surface of the sleeve or 
may be a surface of one of the objects, or may be a 
combination of the two. In some instances, it can be 
preferable for the coacting axially facing surfaces of 
both the sleeve and the objects to be inclined to the 
axis. 

A seal between the coacting surfaces of each pair of 
surfaces may be optimized by appropriate profiling of 
one or both of the surfaces of each pair. For example 
a circumferential seal may be formed between each pair 
of coacting surfaces by arranging one of the surfaces 
to be planar (when viewed in longitudinal cross- 
section) and the other of the surfaces to be convex at 
the point at which the seal is made. The convex sur- 
face may, for example, be rounded or square at that 
point. 

A seal may be provided between two coplanar surfaces, 
in which the angles between each of the surfaces and 
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the axis are approximately the same. 

The angle between the axis and the axially facing sur- 
face of each pair of coacting surfaces which is 
inclined to the axis is selected according to the rela- 
tive amounts of axial and radial displacement or force 
required to be imparted by the sleeve. Also relevant 
is the amount of friction between the coacting sur- 
faces. Preferably the angle is greater than about 20% 
more preferably greater than about 45°. Preferably the 
angle is less than about 85 0 , more preferably less than 
about 75". 

The friction between. the coacting surfaces may be 
reduced by providing lubricating material between them. 
This may be achieved by providing a coating of a lubri- 
cant on one of the coacting surfaces of each pair, pre- 
ferably the surfaces of the sleeve. 
Poiytetrafluoroethylene is a preferred lubricant. 

A coating on one or both of the coacting surfaces can 
also enhance the seal between them as a result of its 
deformation. Such a coating may be of a metallic or a 
polymeric material. 

The technique of the present invention may be used to 
form a mechanical connection between two objects by 
forcing the objects towards one another. When the 
sleeve is heat-expandable, the objects will generally 
be hollow, at least at their ends, in order that the 
sleeve may be positioned within the objects. When the 
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sleeve is heat-shrinkable, the objects are preferably, 
bat need not be, hollow. For example, the objects may 
be pipes or tubes which are circular in cross-section 
The axially facing surface on each of the objects may' 
be provided by a radially extending flange, which may 
be located towards an end of the object, such a flange 
may stand proud of the surface of the object, or it may 
be defined by a groove. 

The mechanical connection between the objects may 
involve another object. For example, the two objects 
to be connected may have another object positioned be- 
tween them, or under them to support them against the 
radially force which is exerted as the sleeve recovers. 

The technique may be used to force two objects apart; 
for example, one of the objects may provide a surface 
against which to exert a force to force the other 
object against a third object. For example, a first 
object may be tubular and the second object may be a 
shaft which extends through the tubular first object 
and which bears a radially extending flange. The 
sleeve may act between the hollow first object and the 
flange to draw the shaft through the hollow first 
object. • This arrangement could be used, for example, 
to suspend equipment through an aperture in a bulkhead, 
in which a collar surrounds the aperture to serve as 
the first object, and the equipment is suspended from 
the shaft on the opposite side of the bulkhead from 
the collar. As the shaft is drawn through the aperture 
by recovery of the sleeve, a seal can be formed between 
the bulxhead and the equipment. 
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Brief description of the drawings 

Figure 1 is a schematic longitudinal cross-section 
through two pipes to be connected by means of a 
radially heat-shrinkable sleeve; 

Figure 2 is a schematic longitudinal cross-section 
through the pipes and the sleeve shown in Figure l r the 
pipes being connected by means of the sleeve? 

Figure 3 is a schematic longitudinal cross-section 
through two pipes which are connected by means of a 
radially heat-shrinkable sleeve and through another 
object; 

Figure 4 is a schematic longitudinal cross-section 
through a shaft which extends through an aperture in a 
bulkhead; and 

Figure 5 is a schematic longitudinal cross-section 
through the shaft and bulkhead shown in Figure 4, being 
mechanically connected to one another by means of a 
radially heat-shrinkable sleeve. 

Description of pre ferred embodiments 

Figures 1 and 2 show two cylinders 2.4 positioned in 
abutting relationship, each having a radially outwardly 
extending flange 6 towards its end. The surface 9 of 
the flange on each of the cylinders which faces away from 
the other of the cylinders is inclined to the axis of the 
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cylinders. The angle between each of the surfaces and 
the axis is about 70°. 

A tubular sleeve 10 is formed from a nickel-titanium 
based shape memory alloy, such as a nickel-titanium- 
iron alloy as disclosed in US-3753700 or a nickel- 
titanium-niobium alloy as disclosed in OS-4770725 
The alloy is processed so that the sleeve can be made 
to shrink radially by the application of heat. 

The sleeve 10 has two axially spaced apart axially 
facing surfaces 12 formed in its internal wall between 
which the flanges 6 can be received. The surfaces 12 
are inclined to the axis of the sleeve. The angle be- 
tween the axis and the surfaces is about 70°. 

The axially facing surfaces 12 of the sleeve 10 have a 
coating of a lubricating material such as poly- 
tetraf luoroethylene . 

Application of heat to the sleeve (which can be 
effected simply by removal of the sleeve from a cryoge- 
nic fluid in the case of some alloys) causes it to 
shrink radially. Coaction of the axially facing sur- 
faces of the sleeve and the objects on recovery of the 
sleeve results in a component of the force exerted by 
the sleeve acting radially inwardly, and another com- 
ponent action axially so that the ends of the cylinders are 
forced axially towards one another. 

By appropriate preparation of the axially facing sur- 
faces of the cylinders and the sleeve, seals can be formed 
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between them so that the connection between the cylinders 
through the sleeve is substantially fluid-tight. 

Figure 3 shows a connection between two cylinders 13, 15 
each having a radially outwardly extending flange 17 ' 
towards its end. The cylinders are positioned with a sup- 
port 19 positioned within the end portions of the 
pipes. The support has a radially outwardly extending 
flange 21 which extends between the ends of the pipes, 
so that the ends of the cylinders abut it. 

A radially heat-shrinkable tubular sleeve 23 has two 
axially spaced apart axially facing surfaces 25 formed 
in its internal wall between which the flanges 17 on 
the cylinders 13, 15 can be received. The surfaces 25 are 
inclined to the axis of the sleeve. 

Application of heat to the sleeve causes it to shrink 
radially. ' The axially facing surfaces 25 of the sleeve 
coact with axially facing surfaces 27 of the flanges 17 
on the cylinders. At the point on the surfaces 27 of 
the flanges with which the surfaces 25 of the sleeve 
coact, the surfaces of the flanges are convex; in fact 
the surfaces are square. 

The recovery force exerted by the sleeve 23 on the 
cylinders 13, 15 includes a radial component and an axial 
component. The support 19 controls radial deformation 
of cylinders caused by the radial component of the recovery 
force. The axial component of the recovery force for- 
ces the cylinders axially towards one another, into contact 
with the flange 21 on the support 19. 
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Figures 4 and 5 show a connection between a shaft 41 
and a bulkhead -43 having an aperture therein and a 
collar 45 around the aperture. The shaft 41 bears a 
radially extending flange 47, at one end and an item of 
equipment 49, which it is desired to suspend from the 
bulkhead 43, at its other end. The flange or the 
equipment may be fastened to the shaft after the shaft 
has been inserted through the aperture, for example by 
means of a lock pin inserted through the shaft, or a 
threaded fastener, or a bayonet fitting arrangement 
However fastened it will generally be important that 
the flange and the equipment are fixed axially relative 
to the shaft. 

The collar 45 and the flange 47 have axially facing 
surfaces 51,52 which are inclined to the axis of the 
shaft, the angle between each of the surfaces and the 
axis being about 70°. The inclined faces 51 on the 
collar 45 face those 52 on the flange 47. 

A radially heat-shrinkable sleeve 53 formed from a 
nickel-titanium based shape memory alloy is positioned 
around the shaft between the collar 45 and the flange 
47. The sleeve 53 has axially facing surfaces 55 which 
are inclined to the axis of the sleeve. The angle be- 
tween each of the surfaces 55 and the axis is about 70°. 

Application of heat to the sleeve 53 causes it to 
shrink radially. Coaction of the axially facing sur- 
faces of the sleeve, and the collar and the flange on 
recovery of the sleeve results in a component of the 
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force exerted by the sleeve acting radially inwardly, 
and another component of the sleeve acting axially so 
that the collar and the flange are forced axially 
apart, and the shaft is drawn through the aperture. By 
appropriate arrangement of the surfaces of the shaft 
and the aperture, a seal can be formed between them. 
The sleeve 53 can therefore be used to suspend the 
equipment 49 from "the bulkhead 43, and to form a seal 
between the two. 
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What is claimed is . 
1. 



A method of applying an axial force between two 
objects positioned coaxially with respect to one 
another, each having an axially facing surface 
through which the force can be applied, the method 
comprising: 



(a) 



(b-J 



positioning a radially heat-recoverable hollow 
sleeve so that the objects are in the direc- 
tion of its recovery, the sleeve having two 
axially facing surfaces for coacting with 
respective axially facing -surfaces on the 
objects, at least one of the surfaces of each 
pair of coacting surfaces being inclined to 
the axis; and 

causing the sleeve to recover radially. 

2. A method as claimed in claim 1, in which the 
axially facing surface of each of the objects, 
through which force is applied to that object, is 
the surface which faces away from the other object. 

3. A method as claimed in claim 1, in which the 
axially facing surface of each of the objects, 
through which force is applied to that object, is 
the surface which faces towards the other object. 

4. A method as claimed in claim 1, in which the 
axially facing surfaces of the objects, which coact 



SUBSTITUTE SHEET 



WO 90/12237 ^fc PCT/US90/01935 



- 18 - 

with the axially facing surfaces of the sleeve, are 
inclined to the axis. 

5. A method as claimed in claim 1, in which the 
axially facing surfaces of the sleeve, which coact 
with the axially facing surfaces of the objects, 
are inclined to the axis. 

6. A method as claimed in claim 1, in which the 
coacting axially facing surfaces of the sleeve and 
of the objects are inclined to the axis. 

7. A method as claimed in claim 1, in which the or 
each axially facing surface of each pair of 
coacting surfaces which is inclined to the axis is 
planar when viewed in longitudinal cross-section. 

8. A method as claimed in claim 1, in which the angle 
between the axis and the axially facing surface of 
each pair of coacting surfaces which is inclined to 
the axis is from about 20° to about 85° at the 
point of contact between the surfaces. 

9. A method as claimed in claim 8, in which the said 
angle is from about 45° to about 75°. 

10. A method as claimed in claim 1, in which the 
axially facing surface is provided on each of the 
objects by a radially extending flange towards the 
end of each of the objects. 
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11. A method as claimed in claim 1, i„ which the 
objects are hollow. 

12. A method as claimed in claim 1, in which one of the 
objects is tubular and the other of the objects is 
a shaft which extends through the tubular object, 
the shaft bearing a radially outwardly extending 
flange which provides the axially extending 
surface. 

13. A method as claimed in claim 1, in which the sleeve 
is radially heat-shrinkable. 

14. A method as claimed in claim 1, in which the sleeve 
comprises a shape memory alloy. 

15. A method as claimed in claim 1, in which a 
circumferential seal is formed between each pair of 
coacting surfaces, one of the surfaces being planar 
and the other of the surfaces being convex at the 
point at which the seal is made. 

16. A radially heat-recoverable hollow sleeve for 
applying an axial force between two objects posi- 
tioned coaxially with respect to one another so as 
to force the objects towards one another, the 
sleeve having two axially spaced apart axially 
facing surfaces formed in its wall between and in 
contact with which the objects can be received, the 
surfaces being inclined to the axis of the sleeve 
so that an axial force is applied to the objects 
when the sleeve recovers radially. 
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17. A sleeve as claimed in claim 16, in which the 
sleeve is radially heat-shrinkable and the said 
axially facing surfaces are formed in its internal 
wall. 

18. A sleeve as claimed in claim 16, in which each of 
the axially facing surfaces is planar when viewed 
in longitudinal cross-section. 

19. A sleeve as claimed in claim 18, in which the angle 
between the axis and each of the axially facing 
surfaces is from about 20* to about 85°. 

20. A sleeve as claimed in claim 19, in which the said 
angle is from about 45° to about 75°. 

21. A sleeve as claimed in claim 16, which comprises a 
shape memory alloy. 

22. A sleeve as claimed in claim 21, in which the alloy 
is a nickel-titanium based alloy. 

23. A sleeve as claimed in claim 16, in which the said 
axially facing surfaces thereof are coated with a 
layer of* deformable material. 

24. A sleeve as claimed in claim 23, in which the 
deformable material comprises polytetrafluorethy- 
lene. 
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25. An assembly of interconnected objects, between 
which a force has been applied by a method as 
claimed in claim 1. 
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